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DESCRIPTION 



A PRQCESS^EOR FORMING A MULTI-LAYER COATIN G 



Technical Field 

This invention relates to a process for forming a multi-layer 
coating film which comprises an intermediate coating film, a metallic 
coating film and a clear coating film, and which has chipping- 
resistance and smoothness improved. 

Background Art 

It has already been known to form, on exterior surfaces of 
automobile body etc., a multi-layer coating film by 3C1B method, i.e., 
by applying intermediate paint, metallic paint and clear paint in this 
order, and curing the resultant coatings simultaneously by heating. 
It is often seen that this multi-layer coating film is hit by gravels 
spattered by a running car, and thus partially peels off (which 
phenomenon is called "chipping"). In order to resolve this chipping, 
it has been proposed to place flexible coating film between coating 
film layers. This method is, however, undesirable since it increases 
the number of coating process steps. 

The objective of this invention is to improve, without 
increasing the number of coating process steps, the chipping- 
resistance of a multi-layer coating film which is formed by 3C1B 
method with use of intermediate paint, metallic paint and clear paint. 

Disclosure of Invention 

As a result of assiduous study, the inventors of this invention 
have now found out that the above-mentioned objective is achieved 
when the intermediate paint contains 0.5 to 5 phr of flat talc powder 
of a specific size and has a total pigment content of 40 to 100 phr, and, 
thus, the inventors have completed this invention. 
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This invention relates to a process for forming a multi-layer 
coating film by applying, to a substrate, intermediate paint, metallic 
paint and clear paint by 3C1B method, which process is characterized 
in that said intermediate paint contains 0.5 to 5 phr of flat talc 
powder of a size of 0.5 to 10 ^im in longer direction and 0.01 to 1 ^im in 
thickness, and has a total pigment content of 40 to 100 phr. 

In the following, the process of this invention for forming a 
multi-layer coating film is explained in more detail. 



10 Modes for Carrying Out Invention 

The characteristic feature of this invention resides in the use 
of intermediate paint which contains 0.5 to 5 phr of flat talc powder of 
a size of 0.5 to 10 fim in longer direction and 0.01 to 1 nm in thickness, 
and which has a total pigment content of 40 to 100 phr. Owing to 
B 15 this characteristic feature, a multi-layer coating film has successfully 
H; been improved in both chipping-resistance and smoothness without 
ry increase in the number of coating process steps. 

m n Concrete examples of the intermediate paint which is used in 

N= this invention may include organic solvent type or aqueous type liquid 
\j 20 paint which is obtained by mixing, with organic solvent and/or water, 
a base resin such as polyester resin, alkyd resin and acrylic resin 
having a crosslinking functional group such as hydroxyl group; a 
crosslinking agent such as melamine resin and blocked polyisocyanate 
compound; and flat talc of a specific size; and other pigments. Said 
25 other pigments include coloring pigments and extender pigments 
other than flat talc. The size (particle diameter) of these other 
pigments is suitably equivalent to, or less than, the size of the above- 
mentioned flat talc powder. 

In this specification, "phr" is an abbreviation of "part per 
30 hundred parts of resin", which means part(s) by weight per 100 parts 
by weight of resin solid content of paint. 

The flat talc powder which is used in this invention is an 
inorganic extender pigment having hydrous magnesium silicate as a 
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main component. Said powder are flakes of a size of 0.5 to 10 jim, 
preferably 1 to 5 jim, in longer direction, and 0.01 to 1 \im, preferably 
0.1 to 0.5 fim, in thickness. When the size in longer direction of the 
flat talc powder used is smaller than 0.5 jim, the chipping resistance 
5 of coating film decreases, while, when it is larger than 10 fim, the 
smoothness of coating film decreases, both of which are undesirable. 
When talc is replaced by a powder of clay, barium sulfate or mica, it 
becomes impossible to achieve the object of this invention to 
simultaneously improve the chipping resistance and smoothness of a 
10 multi-layer coating film. 

The content of flat talc powder in intermediate paint may be in 
a range of 0.5 to 5 parts by weight per 100 parts by weight of resin 
J: solid content of paint (Le., 0.5 to 5 phr), preferably 1 to 4 parts by 

P weight (1 to 4 phr). When said content is lower than 0.5 part by 

IM 

u 15 weight, the chipping resistance of coating film is not improved, while, 
j~ when it is higher than 5 parts by weight, the smoothness of coating 

fU film decreases, both of which are undesirable, 

p As other pigments to be compounded in intermediate paint 

r together with flat talc powder, any known coloring pigments and 

¥ 

si 20 extender pigments which are usually used in intermediate paint are 
m usable. As for the content of said other pigments, the total content of 

flat talc powder and such other pigments, i.e., "total pigment content", 
may be 40 to 100 phr, preferably 60 to 97 phr, especially desirably 80 
to 95 phr. When said total pigment content in intermediate paint 
25 used is lower than 40 phr, the chipping resistance of coating film 

decreases, while, when it is larger than 100 phr, the multi-layer film 
becomes mechanically brittle, both of which are undesirable. 

This intermediate paint may be applied on a metal-made or 
plastic-made substrate for automobile body on which an under coating 
30 such as cationic electrodeposition paint has been applied as 

circumstances may demand. Paint application may be conducted by 
any known method. The thickness of coating film of this 
intermediate paint is suitably 15 to 40 p.m, in particular 20 to 35 fim, 
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as a cured film. 

Subsequently, while intermediate coating film is kept uncured, 
this uncured intermediate coating surface is coated with metallic 
paint. 

5 Any known metallic paint is usable, examples of which include 

usual thermosetting metallic paint which is obtained by mixing, with 
organic solvent and/or water, a base resin such as polyester resin, 
alkyd resin and acrylic resin having a crosslinking functional group 
such as hydroxyl group; a crosslinking agent such as melamine resin 
10 and blocked polyisocyanate compound; a metallic pigment such as 
aluminum flake and titanium oxide-coated mica; and, furthermore, a 
coloring pigment and an extender pigment as circumstances may 
demand. Metallic paint is applied by a usual method on the above- 
pp. mentioned uncured coating surface of intermediate paint. The 

M 15 thickness of coating film of this metallic paint is suitably 10 to 40 fim, 
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sj preferably 15 to 35 fxm, as a cured film, 

ry Subsequently, while the coating film of this metallic paint is 

O kept uncured, clear paint is further applied. 

Any known clear paint which forms colorless or colored 
20 transparent coating film is usable, examples of which include usual 
thermosetting clear paint which is obtained by mixing, with organic 
solvent, a base resin such as polyester resin, alkyd resin and acrylic 
resin having a crosslinking functional group such as hydroxyl group; a 
crosslinking agent such as melamine resin and blocked 
25 polyisocyanate compound; and, furthermore, as circumstances may 
demand, a coloring pigment or an extender pigment which does not 
substantially interfere with the transparency of coating film. Clear 
paint is applied by a usual method on the above-mentioned uncured 
coating surface of metallic paint. The thickness of coating film of 
30 this clear paint is generally 20 to 80 |im, preferably 25 to 50 jim, as a 
cured film. 

When intermediate paint, metallic paint and clear paint are 
applied in order in this manner to form an uncured three-layer 
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coating film, and when the three layers of coating film are 
simultaneously cured by heating at a temperature of about 100 to 
about 180°C, in particular at about 120 to about 160°C, for about 10 to 
40 minutes, a multi-layer coating film as an object of this invention is 
5 formed. 

According to the afore-mentioned process of this invention, 
there is formed, without increase in the number of process steps, a 
multi-layer coating film which is excellent in both chipping resistance 
and smoothness, by 3C1B method with use of intermediate paint, 
10 metallic paint and clear paint, said intermediate paint containing 0.5 
to 5 phr of flat talc powder of a size of 0.5 to 10 jim in longer direction 
and 0.01 to 1 Jim in thickness, and having a total pigment content of 
£ 40 to 100 phr. 

o 

p[ 15 Examples 

ry In the following, this invention is explained in more detail by 

« means of Examples and Comparative Examples. Both part and % 

are on weight basis, and the thickness of coating film is that of cured 

^4 20 coating film. 

O 
rU 

Example 1 

A steel plate which had been coated with cationic 
electrodeposition paint and then heat-cured was coated with polyester 

25 resin • melamine resin-type intermediate paint [containing, in an 

organic solvent, 3 phr of flat talc of a size of 5 \im in longer direction 
and 0.5 in thickness, 80 phr of titanium white (particle size: 0.2 
\im) and 1 phr of carbon black (particle size: 0.1 jim)] to a film 
thickness of 30 jim. After left still for two minutes at a room 

30 temperature, thus coated steel plate was further coated with 

thermosetting acrylic resin type metallic paint (film thickness: 15 Jim) 
and thermosetting acrylic resin type clear paint (film thickness: 40 
(im) in order, and, thereafter, thus applied three layers of coating film 
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were heated at 140°C for 30 minutes and were thereby 
simultaneously cured. Thus obtained multi-layer coating film was 
excellent in both chipping resistance and smoothness (sense of gloss). 

Comparative Example 1 

A multi- layer coating film was formed by the same operation as 
in Example 1 except that flat talc was not compounded in 
intermediate paint. Thus obtained multi-layer film was equivalent 
to that of Example 1 in smoothness, but was inferior thereto in 
chipping resistance. 

Comparative Example 2 

A steel plate which had been coated with cationic 
electrodeposition paint and then heat-cured was coated with polyester 
resin • melamine resin-type intermediate paint [containing, in an 
organic solvent, 3 phr of clay (particle size: 0.1 to 2 (im), 80 phr of 
titanium white (particle size: 0.2 (im) and 1 phr of carbon black 
(particle size: 0.1 fim)] to a film thickness of 30 jim. After left still for 
two minutes at a room temperature, thus coated steel plate was 
further coated with thermosetting acrylic resin type metallic paint 
(film thickness: 15 jim) and thermosetting acrylic resin type clear 
paint (film thickness: 40 jim) in order, and, thereafter, thus applied 
three layers of coating film were heated at 140°C for 30 minutes and 
were thereby simultaneously cured. Thus obtained multi-layer 
coating film was equivalent to that of Example 1 in smoothness, but 
was inferior thereto in chipping resistance. 

Comparative Example 3 

A steel plate which had been coated with cationic 
electrodeposition paint and then heat-cured was coated with polyester 
resin • melamine resin-type intermediate paint [containing, in an 
organic solvent, 3 phr of barium sulfate (particle size: 0.1 to 2 ^im), 80 
phr of titanium white (particle size: 0.2 jim) and 1 phr of carbon black 
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(particle size: 0,1 jim)] to a film thickness of 30 jim. After left still for 
two minutes at a room temperature, thus coated steel plate was 
further coated with thermosetting acrylic resin type metallic paint 
(film thickness: 15 fim) and thermosetting acrylic resin type clear 
paint (fi l m thickness: 40 fim) in order, and, thereafter, thus applied 
three layers of coating film were heated at 140°C for 30 minutes and 
were thereby simultaneously cured. Thus obtained multi-layer 
coating film was equivalent to that of Example 1 in smoothness, but 
was inferior thereto in chipping resistance. 

Comparative Example 4 

A steel plate which had been coated with cationic 
electrodeposition paint and then heat-cured was coated with polyester 
resin •melamine resin-type intermediate paint [containing, in an 
15 organic solvent, 3 phr of flat mica (5 fim in longer direction, and 0.5 
%f fim in thickness), 80 phr of titanium white (particle size: 0.2 fim) and 

rii 

* g * 1 phr of carbon black (particle size: 0.1 \im)] to a film thickness of 30 

fim. After left still for two minutes at a room temperature, thus 
coated steel plate was further coated with thermosetting acrylic resin 

V.* £ 

20 type metallic paint (film thickness: 15 fim) and thermosetting acrylic 
W resin type clear paint (film thickness: 40 fim) in order, and, thereafter, 

thus applied three layers of coating film were heated at 140°C for 30 
minutes and were thereby simultaneously cured. Thus obtained 
multi-layer coating film was inferior to that of Example 1 in both 

25 smoothness and chipping resistance. 



Comparative Example 5 

A steel plate which had been coated with cationic 
electrodeposition paint and then heat-cured was coated with polyester 
30 resin* melamine resin-type intermediate paint [containing, in an 

organic solvent, 3 phr of flat talc of a size of 15 fim in longer direction 
and 0.5 fim in thickness, 80 phr of titanium white (particle size: 0.2 
jim) and 1 phr of carbon black (particle size: 0.1 fim)] to a film 
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thickness of 30 |im. After left still for two minutes at a room 
temperature, thus coated steel plate was further coated with 
thermosetting acrylic resin type metallic paint (film thickness: 15 \im) 
and thermosetting acrylic resin type clear paint (film thickness: 40 
5 jim) in order, and, thereafter, thus applied three layers of coating film 
were heated at 140°C for 30 minutes and were thereby 
simultaneously cured. Thus obtained multi-layer coating film was 
almost equivalent to that of Example 1 in chipping resistance, but 
was inferior thereto in smoothness. 

10 

Comparative Example 6 

A steel plate which had been coated with cationic 
electrodeposition paint and then heat-cured was coated with polyester 
resin • melamine resin-type intermediate paint [containing, in an 
15 organic solvent, 3 phr of flat talc of a size of 5 jim in longer direction 
and 0.5 Jim in thickness, 30 phr of titanium white (particle size: 0.2 
fim) and 1 phr of carbon black (particle size: 0.1 fim)] to a film 
thickness of 30 |im. After left still for two minutes at a room 
temperature, thus coated steel plate was further coated with 
20 thermosetting acrylic resin type metallic paint (film thickness: 15 jim) 
and thermosetting acrylic resin type clear paint (film thickness: 40 
jim) in order, and, thereafter, thus applied three layers of coating film 
were heated at 140°C for 30 minutes and were thereby 
simultaneously cured. Thus obtained multi-layer coating film was 
25 inferior to that of Example 1 in chipping resistance. 

Comparative Example 7 

A steel plate which had been coated with cationic 
electrodeposition paint and then heat-cured was coated with polyester 
30 resin • melamine resin-type intermediate paint [containing, in an 

organic solvent, 3 phr of flat talc of a size of 5 jim in longer direction 
and 0.5 \im in thickness, 106 phr of titanium white (particle size: 0.2 
jim) and 1 phr of carbon black (particle size: 0.1 jim)] to a film 
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thickness of 30 fim. After left still for two minutes at a room 
temperature, thus coated steel plate was further coated with 
thermosetting acrylic resin type metallic paint (film thickness: 15 fim) 
and thermosetting acrylic resin type clear paint (film thickness: 40 
5 fim) in order, and, thereafter, thus applied three layers of coating film 
were heated at 140°C for 30 minutes and were thereby 
simultaneously cured. Thus obtained multi-layer coating film was 
inferior to that of Example 1 in smoothness and chipping resistance. 

10 Comparative Example 8 

A steel plate which had been coated with cationic 
electrodeposition paint and then heat-cured was coated with polyester 
resin *melamine resin-type intermediate paint [containing, in an 
O organic solvent, 20 phr of flat talc of a size of 5 jim in longer direction 

15 and 0.5 \im in thickness, 75 phr of titanium white (particle size: 0.2 
rj fim) and 1 phr of carbon black (particle size: 0.1 nm)] to a film 

ry thickness of 30 jim. After left still for two minutes at a room 

temperature, thus coated steel plate was further coated with 
thermosetting aery he resin type metallic paint (film thickness: 15 jim) 
20 and thermosetting acrylic resin type clear paint (film thickness: 40 
\Lm) in order, and, thereafter, thus applied three layers of coating film 
were heated at 140°C for 30 minutes and were thereby 
simultaneously cured. Thus obtained multi-layer coating film was 
almost equivalent to that of Example 1 in chipping resistance, but 
25 was inferior thereto in smoothness. 

Coating Film Property T^st 

The multi-layer coating films which had been formed in the 
above-mentioned Example 1 and Comparative Examples 1 to 8 were 
30 measured for chipping resistance and coating surface smoothness by 
the following method. Results are shown in Table below. 
Chip p ing R esj^tewce: 

There was sprayed about 500 ml of marble having a diameter 
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of 15 to 20 mm on the surface of multi-layer coating film at an 
incident angle of 45 degrees, at an air-spray pressure of about 4 
kg/cm 2 and an ambient temperature of — 20°C, by using Q — G — R 
Gravelometer (trademark of a product manufactured by Q Panel Co,), 
and, then, the coating surface was visually observed. O means that, 
whereas intermediate coating film had slightly peeled off, 
electrodeposition coating film had hardly peeled off. A means that, 
intermediate coating film had much peeled oft and that 
electrodeposition coating film had partially peeled off. X means 
that almost all intermediate coating film had peeled off, and that 
electrodeposition coating film had much peeled off. 
Coating Surface Smoothness : 

With use of a specular glossmeter, reflectance was measured 
when both incident angle and received angle were 20 degrees, and, 
thus, the degree of smoothness was examined. The higher the 
reflectance is, the better is smoothness. 
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